One of the modern finishing materials for building construction is igneous rock. This study was focused on determining the relationships between mechanical and physical properties of igneous rocks. This incorporates point load strength index Is (50) , Unconfined Compression Strength (UCS), flexural strength, poisons ratio, dry density, porosity, Schmidt rebound values and P-wave velocity for a wide range of igneous rocks. The study was performed on data collected from the literature. The results showed that the porosity has a significant negative effect on the dry density of rock samples. The best relationship was observed between modulus of elasticity and temperature with the coefficient of determination (R 2 ) of 0.89; it means that the temperature had a great influence on the modulus of elasticity so that increasing temperature causes to decrease in modulus of elasticity of igneous rock. In addition, the weakest relationship was observed between flexural strength and p-wave velocity with R 2 of 0.42; whereas, there was no relationship between UCS and Poisons ratio.
Introduction
Solidification of partly molten or molten magma produced from Earth's crust caused to generate igneous rocks. On the word of their formation condition, igneous rocks are classified to two main types, intrusive (plutonic), this type of rock formed from slow cooling of magma deeply inside the earth crust and then start solidification. The second type of igneous rock is volcanic (extrusive) formed from flowing of lava, causing fine 2. Materials and methods 2.1. Data collection In this study, the following geotechnical properties were collected from literature: Unconfined Compression Strength (UCS), Flexural strength, P-wave velocity, porosity, Dry density, Modulus of elasticity, Point load strength index, Schmidt hammer and the effect of Temperature on the geotechnical properties of Igneous rocks.
Igneous rock properties
In this study, more than 1000 data points were obtained from literature so as to investigate the relationships between the geotechnical properties of igneous rock. .. All tests have been conducted according to American Society for Testing and Materials (ASTM) and International Society for Rock Mechanics (ISRM). The data were analyzed using linear and nonlinear regression models.
Results and discussion

Unconfined Compressive Strength, UCS (MPa)
Based on the total of 240 UCS data for Igneous rocks, the range of data was from 6.0 to 212 MPa with a mean value of 93.0 MPa, standard deviation of 45 MPa and coefficient of variation COV of 60 % as summarized in Table 1 .
Tensile strength, σt (MPa)
The σt of previous studies is presented in Table 1 . based on the total of 88 σt data for Igneous rocks, the range of data was from 1.5 to 29 MPa with a mean of 13.75 MPa, standard deviation of 8.35 MPa and COV of 60 % as summarized in Table 1 .
P-wave velocity, Pv (m/s)
The data of Pv are collected from other studies as summarized in Table 1 . Based on the total of 188 Pv data for Igneous rocks, the data varied from 2300 to 8000 m/s with a mean of 4918 m/s, standard deviation of 1154 m/s and COV of 23 % as summarized in Table 1 .
Porosity, n (%)
The statistical analysis of total collected data of 87 n for Igneous rocks collected from the literature presented a variation from 0.14 to 50 % with a mean of 4.8 %, standard deviation of 9.80% and COV of 2.0.0 % as summarized in Table 1 
Poisson ratio, v
A total of 61 data of v for igneous rocks were collected from literature is presented in Table 1 . The minimum and maximum values were 0.10 and 0.40, respectively, with average of 0.25, standard deviation of 0.064 and COV of 25 % as summarized in Table1.
Effect of Temperature change , T (C˚)
The effect of temperature on mechanical properties was studied based literature. The minimum and maximum values of T was 20 to 1130 C˚ out of 19 data from literature and the mean and standard deviation were 278, 369 C˚ respectively and COV was 75 % as summarized in Table 1 .
Relationships between Unconfined Compression Strength and P-wave velocity
The correlation between UCS and P-wave was investigated using data collected from previous studies using 172 data points using simple regression model, the best relationships between UCS and Pv was a nonlinear model as presented in Fig. 1 .UCS = 0.0008 P v 1.37
(1)
Relationships between tensile strength and P-wave velocity
A total of 65 data points were collected from various research studies. The data collected from the literature were quantified using (Eq. 2) as shown in Fig. 2 . The change in the X with Y was represented using relationship shown in Eq. 2. It is clear that as Pv increases, the tensile strength increases. R 2 and RMSE were 0.45 and 5.3 respectively. σt = 3.138 exp 0.0003pv (2) 3.13.
Relationships between Porosity and P-wave velocity
Data points of 61were collected from numerous research studies. The collected data from the studies were calculated using (Eq. 3) as shown in Fig. 3 . The change in the X with Y was shown using the relationship (Eq. 3) and the model parameters A and B are summarized in Table 2 . It is obvious that increasing of sound velocity decreased porosity. R 2 and RMSE for the relationship were 0.69 and 1.55 as summarized in Table   2 .
Relationships between Modulus of Elasticity and Temperature
From various research studies 13 data were collected. The collected data from the studies were calculated using (Eq. 4) as shown in Fig.4 . The change in the X with Y was shown using the relationship (Eq. 4) and the model parameters A and B are summarized in Table 2 . The change in temperature had a great effect on modulus of elasticity increase of temperature lead to decrease modulus of elasticity. R 2 and RMSE were 0.89 and 6.84 as summarized in Table 2 .
Relationships between Unconfined Compression Strength and Modulus of Elasticity
A total of 66 data were collected from various research studies. The collected data from the studies were calculated using (Eq. 5) as shown in Fig.5 . The change in the X with Y was shown using the relationship (Eq. 5) and the model parameters A and B are summarized in Table 2 . R 2 and RMSE were 0.88 and 21.0 respectively as summarized in 
Relationships between Unconfined Compression Strength and Point load
From numerous research studies 129 data were collected. The collected data from the studies were calculated using (Eq. 6) as shown in Fig.6 . The change in the X with Y was shown using the relationship (Eq. 6) and the model parameters A and B are summarized in Table 2 
Relationships between Unconfined Compression Strength and Flexural strength
A total of 89 data were collected from different research studies. The data collected from the literature were quantified using (Eq. 7) as shown in Fig. 7 . The change in the X with Y was represented using relationship (Eq. 7) it can be seen that increased Flexural strength caused to increase Unconfined Compression Strength and the model parameters, A and B are summarized in Table 2 . R2 and RMSE for the relationship were 0.63 and 28.6 as summarized in Table 2 .
UCS= 4.4877σt + 23.683 (7)
Relationships between Unconfined Compression Strength and Schmidt hammer
119 data were collected from different research studies. The collected data from the studies were calculated using (Eq. 8) as shown in Fig. 8 . The change in the X with Y was shown using the relationship (Eq. 8) and the model parameters A and B are summarized in Table 2 . It is obvious that increasing of Schmidt hammer values lead to increase unconfined Compression Strength. R2 and RMSE for the relationship were 0.73 and 22.25 as summarized in Table 2 . UCS = 1.4467 Rn1.1066 (8)
Relationships between Dry density and Porosity
From various research studies 58 data were collected. The collected data from the studies were calculated using (Eq. 9) as shown in Fig.9 . The change in the X with Y was shown using the relationship (Eq. 5) and the model parameters A and B are summarized in Table 2 . R2 and RMSE for the relationship were 0.90 and 0.78 as summarized in Table 2 .
γ dry = 26.97exp -0.033 n (9)
Relationships between Unconfined Compression Strength and Poisson's ratio
From various research studies 61 data were collected. Based on R2 and RMSE no relationship was observed as shown in Fig. 10 .
Conclusions
Based on statistical analysis on data obtained from literature, the following conclusions were drawn:
1. The UCS -Rn relationship was stronger than the UCS-Is (50) Relationship for Igneous rocks. 2. P v have a good relationship with n, compared to UCS and σt based on RMSE and R 2 .
3. The inverse relationship observed between n and γ dry, as well as with P v have been proven. 4. Low correlation coefficients were achieved between σt and P v , nevertheless good correlation coefficients were trended between UCS and σt. 5. Temptature change (T) have a great effect on UCS, increasing 35 times of T caused to decrease UCS 35 times. 6. Based on Root Mean Square Error (RMSE) and coefficient of determination (R 2 ) values, the acceptable relationships were observed between igneous rock properties.
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